1 19] wxmmMmw&M & ] **• a? 

H01L 33/00 

ihnn + -f,i4,hb tl -n-mnnh H01L 21/205 HOIS 5/323 

[12] JWJtlWt&llTMHJ 

[21] fc^- 00803557.1 



[43]**B 2002^3^13 0 


[11]4»F* CN 1340215A 


[22] ^f|H 2000.2.8 [21](fifl|^ 00803557.1 




[30]tt56« 




[32]1999.2.9 [33]JP [31]30990/99 




[32]1999. 11.22[33]JP [31]331797/99 




[86] BR** PCT/JPOO/00660 2000.2.8 




[87] WO00/48254 0 2000.8.17 




C8S]&ABXl»fBtBaj 2001.8.8 




[71]*«A 03Eifc#Xilk«c^:^tt 




«tt 04:«M 




[72]»WA 4»*t&- 






mmm^ i k 13 k P&ffl3Stsc4 s 



[57] «« 

GaN gJ£ft«ftW{&&#,£0fi£ GaN 
^-^iS GaN Jg,£0fi£ GaN SJg 

±*^^«^#«m»#^j5^« -5 GaN mm&m 




*L #] * * ^ 



1. — W&«GaN»SW|Mfc^f*##: 

GaN GaN M, GaN 

^#r*£ GaN SMSftttMJ9fi£«#^JgSS!l£^n^. 

2. towtm* i /ft&fMfc*####. K+jwa-^ GaN mj&mm 

tt«#^^W^JK*»^T GaN ftftflfcjMft. 

3. *n*tf«:fc 1 JfrfcfMfc*9flc##. K^Jff*-^ GaN SJifc^M 

AL a Ga H N(0<aSl)^^, 

MAL^N ffl«HJI, InGaN W^ttJgSl^ AL fitl P Ilil. 
5. & ttftM* 4 JWJfcHft^fMSf*. at+Jffifc* Al^Ga^N ttA 

7. -fl^W GaN SJKfiC|ft^#f|E«#fi«llHift^r&. &*&ffi1& GaN 
^A GaN Jg, £#fj£ GaN *jS±^*^>MMfc^ 

Jg/fc— A GaN M Glfctfffc GaN 

GaN mmi-Mm&mmm^ GaN *iKjR«[«i»-fMfc^# 

BG&MJ&%M& GaN g£j£J9f *WJ5f J** A GaN 



( I^ALyGa^N, OSxO^y, x+y^l)^#, 

QMnit-mm (led), *#;-«is? (ix» m&tif&T&ftwihmm 
#o w.Mttm&, *%wmm -w® ±^m GaN mm^uit^w^ 

*&WAft-&%ttft*B7±%:m GaN S^fitJ^.^^^^-^ 
#'Jftl, £ «S*J!SfflW^» 37 # (1998) L309-L312 JjU GaN 
S^^riliST^?*^^: ^M^^S^-h^^-M GaN, j&B&^ZM 
GaN ^I^^MSM— H-ft^^^J^o GaN £ GaN flt±RT??ifc£ 
*c, MS^S^tt^JF. -^^WGaNM±H^#Jl»I^, @J&rT 
6frlt&*&W3&. ^ffl^^PT^iiKft^^fKlGaN^- 
ffitt GaN *JSWft^^fm*-*»^AW^»*«^», 

wm^Wjf^^mmgL, &%&&m&& GaN agjs^-Kmw n m g & n 

91. feiA^^i'J^^'JitGaNS^^^^-^^mmo £ 



I&m GaN ft GaN H7«ft*£Mtt. * 

£ GaN SJS±^M«#^AJi C*Wb¥#fM) ^7* 

mmmj&m&j&mmm^ GaN &£ft GaN ^^mmsp vimnm 

i&m.mtlo & GaN $||±^-t£6!j^#f Mllf^ GI,Ga,_jN (0<a^l)o 
GI a Ga la N (0<a§l) fa$SM.%.WL'b=f- GaN, J.rT^ GaN SJ&_t£ 

->M&* InGaN MMIfO-f^-t AL ft P Ilifo 

«jR»ftlfi*flc«#Sl.4 GaN *)£^-feM*#^J«M-0!lin GLGa^N 

NlgMIo Sft^GaN ^I^Nllil. 

GaN &JK*&5IUS4fl£%ftli&. 5fcffl$tt GaN aSJfc^fiRTBfrlbtt 

(a) «^«ifc^9#^ratt»«i*j«»«— »i£S5« sic-±^ 

(C) ^at»-«ft*##ja±*«^JI GaN jg, ftjffc GaN £ 

(D) GaN MU#J*»-*ft**#E, 0r&l&-*tffc¥ 



^ftmtommj&m^ GaN mm^m<> 

lE^#.^GaN MB. GaN S/ftJttSiifjMso 

^^Bj, ^ G aN ^^M^m^-^#M^«m^/h^GaN &} 

it^i^m^mmm^:, nm&imT: %s\c, GaN^^^^« 

%$LfrM% e „ e 2 fP e 3 , J. e , < e 2 < e 3 , ^ GaN £ SiC */&±£ 
-feW, £ GaN Bfcj^ttftJfcj£»3:3Bfc e, < e 2 , 

* SiC ^j£±£-|£ltt GaN Mfiffi#*3fejSi3; ^-^F®, £nJ! GaN M 

*^-fe«EM^5*J85±. WJ GaN J2*Mj*&m&, BftftttftftflfcjKft 

2zM% e 2 < e 3 , 4iaij|±^K) GaN eM±#£ffiSt;fr. «f . 

m GaN ttik& GaN £jg±H*, *J-£i£tfj GaN IffleK^^fi^S 
AX^ffifi*. GaN 

^#Jg& GaN *^±^^Ht, &*£j£Ji GaN 

+ , "GaN afiJS" jl^ifAW^^JI GaN 
GaN a^orWiXi#.B^ GaN tfenT^— ^hiM^Uc^^ 

GaN Mo 

GaN mj&^^mteftm^Mjj&mifftm, GaN 

$ij3t^B% GaN m, m%&w^m^mm%i&%-£k GaN jgwrns, ^ 
m}-*smm&m GaN ftjg^tt^a GaN m^is&mm 

GaN mm, ^mm elog £-£&o j&ftxm&mm 

USP09/202, 141, H^^lj Hll-312825, H11340508, Hll-37827, 



Hll-37826, Hll-168079, Hll-218122 WSB^jSffl^S^ (J. JAP) 
.+#W4H8, ft JJA.P.+^ffltt*ffl-*fte«l^ GaNo 

ft±i££-*+^&4', B#«'J N0.H11-37827 4>JW3*W^Tfe5S*iiffl. 
GaN m ALGaN ^Eifc^##M : &MS^^##SiS±^^:, ^Dc^r 

GaN MSfifePaOSW- iiji3£ffi&#3f&, J£J1 GaN M^f'Jfa^-fc, 
fltfHfc#ft«Ji£SdWH. Mffi»£Hfc&» GaN in^^^ GaN 

*£tt*lMfc*##aLjfc. #•«§ GaN JgJft££&ftJPtt, *&€rT*J«» 

fttJ^H GaN Jg±^-fe«kJK}R«[/|^ GaN feJftJKftftftft¥## 

##W rTIW*. *»W3Rffl«4: GaN ^WA#^«)»«!5JlTW$JfiW 

ft±3£ftJ5£^-&4 3 , * ELOG ^Jg^^UMH&MlU^E#aAft^ 
GaN SiSo $*M, ft ELOG £*Jgi&T5THT*iJJMJfc. 

5L^^^®±^^ N &#^'hft#K^o UOL, S GaN £/£ 

ifcRTS^^Jgffi. JK«E*#totttt*ifc, »#£ftft#JB/«£-5 

ft GaN *«±»*AW«^^JKJR»»JR4fc^##f(r, Xt GaN g£j£ 



m 2 xnwm 1 ilb GaN ^fijita^^^j^Sc 
m 3 %Mwm 2 ilb GaN mj&ftmxtnmmm . 

9 4 BB 3 2Jg GaN &J54fift£ti£ttftran . 

m 6A-6F %wwm&&f&Hmtoi®ftmmm . 

a 5 ^*&ifl^lfi^4*ft^9f4c»#fi9«imS. « GaN £j£ 30 ± 
1-10 tt*->h4 £ ##«3t»#- ^ GaN SJ£ 30 ^fcfeltt^ 

i ftW'j^ GaN tt*ygj£&, ^wo i^n^m&mtj . -im&» 

##***#*&^W*iIi#iktoj«#. «iP, AL a G ai . a N (0<a^l) BP^ 
SJB*m. 0<a<0. 3 ^{t*7 0<a<0. 1 mMfto 

«AW«>jN*!HKjR«[ttfttti^^f4c4 GaN mm±mj&zm, m gen 

S^^MoTia^f^Jti, GaN S/SftjftJitji*!, GaN 

{to fi^JPflUMJ^/h^ 1 *#, 3-10 tR*MJE#. ai^Wff 



j&m 2 -m&m n si&ftfugttttii, n 21. 

±fc7B/£W'&'£ ALMN MSMM 4> fe£ InGaN 6 P MS 

GaN g/fc 30 Attn*— >Hfc**ft GaNjIs££$ 

4fc«±^W^fi GaN Jitt/ftffl£j£> N %$pJ£ GaN £j£KUg$M 

GaN g£ja^jft»#^AJS 1 *N l #A&JR. 

£S 5 Jfp^lMfc^ttSfl 1 *. *#A N ffl AL a Ga,. a N 

m i ^^gnii l, £±?&a n m AL a G ai . a N mmm 2. n m 

AL a Gai. a N ±£$i N M AL^Ga^N ggflUJg 2, WS&^B^figtfcHSM&llSF 
AttA*. 3EStfMfr«T. .5fc*#f AL a G ai . a N m 1 ^jSgNKJ+SMM. 

£ N %ft 21 M&jft£*#JgjftJg l ±WW.jaT. #A N S&J3I< — 

&;*J Si) WJMfc^#Ji*E GaN £j£ 30 ±£fc, ffc*f##7B/aji 1. 
#A&MW&**#&*!ia: l*10 18 /cm 3 SO 5*10 18 /cm 3 0 ®Lft% N pigftb 

mtowm&m 1 MJP£*#fc 1-10 *#. Aiemih^fSBWSi 
&mm* GaN *ji5Rr«i#j*#^^ 1-10 ^mmmw 

Wtl, GaN £j£ 30 ItfttTJfcfrftatffMjft. m5fc» EffliflMfc^ 
#^RIfl«I**»«l*tttt«I*^±^ GaN j£ ALGaN *StMfc¥##M- 



12 JOB 2 0f*. jDc#, ^W*^i±Jft^Cfl£iSf»Jl3PJRtti^#f*Ml2 

Ho Mf&,»i£;nffi%)mj& 11 Mttffpaattft, s^ra 
*attiw^iw^w#.* GaN m&zftmmwrtkm&o s— >ms#, 

^IMfc^^fM 12 GaN *Q ALGaN SXM^te, ^B/fclHIifl^fa 

M#fti*£lRr*J*l»# ALGaN o $nffl 3 4 #T^, #-^ H GaN13 

&}£.-&Mi±m,4k¥^tem 12 iftDflft^fao ft3**M*«T, 

l&M GaN nTilil HVPE ^fett^fi GaN Jg£-££"J-^J?J^, 

«#RT*»MS5«^#J^W«|«i«^5 Ho 

S*Hd«^5 11 GaN 30 Z^H> GaN ^JSWIMfc^ttaP 

^aupAfiAaiwa^^ ioo ^fffi/jN^ 5p«*m», /h-T2o 

fffiEWfficRqTUJlM/h, KSfic ELOG SSfe^-KW GaN ijTttft 

F*#W*Efl^£!l*^f&WK:ft. Win, fMJPS^/h^VL^ 

GaN «;±£* 
^MW/fc 11 * GaN S/fc 30 ^i^ftt, 
GaN aUSJPflt^MR^^M^^filL, MtWffSii^ 50-500 
«*. JPJg£ 100-300 <t*3j#<to ^ GaN Sj&J?Jg£h^±i£?M;£f*| 

W5fe, -^±J*^ra«|ai. 11 £-fctoJGifc¥^#jg 12 * 

JB/fclHiei&tt, ^±Mii HVPE GaN B 13 (#• 

A GaN W^-M^). £j£H GaN M 13 ±7&fiWBzHWfcii* 

**»«!lifiWraBR^aKft^«Mlt f CVD &ft*A GaN Jga&ftJK 

t'J£ (*A GaN W— fr£&33£*Mfti&£j£ ii, i^il^i* 

#3E*fi GaN13 ^-K^attT. 4* A- GaN -^^BU, *£P 

»i±*M«— &£te«J*A GaN 3ftM^Ft». 

iia^J«IHIOSttlW^fi GaN HVPE GaN 

RTm**tfl»a«fffi«I^S GaN JI. MM, &##..H GaN M£d)P£*£ 



ttWiSAttiSWLRC, ^^#t*^^o JRffl— mb^JtJKffjStffl MOCVD 

GaN £jg 30 11 Rt, GaN *iS*il^llBi te *«* 

31 tt. &i^^$£tib*/^ffl GaN ^^ffl^St4M±-^ GaN 

« GaN mj&±&KM:mm^mmmmm¥&tem-mim a^g^n m, 

AL £Kj N ^ IN GaN ffyfBitB^^ AL (!Kj N ttS 

4fc¥##3r$£, #P MOVPE (W*i£rJS-?&ft-*B*h®)> MOCVD (W#t 

^jPMfc^nntraR). hvpe (**jm-tt^«£), mbe c^mm) 

£i&#'J 1: 

(GaN*«*Jift^) 

j&fi* 2 ItWSS^IlS 11 JlWffl C ittiWfcffl A ^ W3£ 
IrJYM, JMF3MAfiJ&#+, 510*Co 3RfflH#^aE|D 

TMG (trimethylgallium) GaN tfrM^fflM^f^, ^ GaN *BJ&&] 

&mwm£.&2.m, n.W±^ tmg #«jgitMU loso'Co £ 

1050°C#J&#T, ^ffiFWiSMfi TMG ffc*7 GaN MM. ffi** 
GaN m^Jg-Mtt^^ 12 £-fc3«Jft3j 2*#(HD. 

12 £&tm, &&j&4kimitiNm. sub* 
naAau^w^ffi* 15 wffi rie =gg*tsfi— %vc*mwm n 



8 



mmm, JAm^nm^ma^, mm 2 m^* &m 2 m^m^^ 

m&fti&xfcmwr^, um% io5o°c, ^mMm^mm tmg 
^ GaN mm, m&*®& ghn ^mmm~nit^i^m 13 ^mmm. 

m.j&&} GaN mm 3o 0 &'mm GaN mm 30 ^nm^mm, umi 
m^nmm^^wmm^m^m^, ws^. *GaN^ 
j&Mmmmmm% 300 

NSM&ttJil: AL^a^N) 
3£fflTMA (trimethylalminiumX TMG fflffl&MMftZiMH, £ 1050 
°C &#T , E&*}#3% ALo^Gao^N fa N M&ftfe/1 1 £ GaN S 

(WlNi^|l!i2: AL,Ga,. a N) 

Effil^i&fiT-, 3£ffiTMA. TMG#JHJ*MM^#§^%, 
(SIH4) ftj*8f*l. ALoosG^N Si ill 3*10 18 /cm 3 ffj N 

wskB&jhTaaiasfcwma- *n*s GaN £j£4>$£<nk&. aaa n 

(»MM3) 

^jMJ^I^M 800°C o 5£ffl TMGn TMI (trimethylidium) ^OH 
ffll£&ffc*J*&n, In 0 .o8Gao.9 2 N Si 

flj 5*10 l8 /cm 3 itt^iWlhM 3 £-fc?lJ 0. 15 



2£Jfc, £ 1050°C*&JgT, ^ffl TMA> TMG ^PH^iSaEf^^M^, 
AL 0 . 14 Ga<, 86 N ttUfttt&JM 4 £-fc£lJ 25 i£„ fcjg#lt«& TMA, 
immmYf^m^H, GaN Si $J 5*10 18 /cm 3 W B M^-fe 

25 J^^^lt 160 #c, A JI*P B ISffill^f^^ 
SJ£l#ffiltt N MSM/I 4 (jBj&B&tt), gffftft 8000 i£„ 
(NI$#I5) 

*E*Bra$as~F, ^ffl tmg ftWBmmft%m*i. «Eti***GaN 

faj^ltt N M^^M 5 0. 075 

800°C?aj$T. 5£ffl TMI> TMG ftEr*JBSEf1s*»«*l. ffl^ 
jRf^*^*^. ffi* InaoiGaaggN Si 50 5*10 l8 /cm 3 

100 i£, «Jgfltih«t&«*ftn. «**#3»fIn a0l Ga 0LBB M« 
JfcW»#Jg£-ffe5!lff* 50 i£o fc^JftfMft 3 m^Sffili, 
fcjg^/a^*^ (MOW) S«ltt85ftl6, J&JPJft* 550^o 

&*@|W|iSJgT, 3^fflTMA. TMG;|&iSWJBJEffz3j*Mt, ffl Cp 2 Mg 
(cyclopentadienylmagnesium)#^#^^;, j£ AL 0 4 Ga<) 6 N fflf&#W$k Mg 

?ij i*io i9 /cm 3 #j p m^t^mm 7 ±&mm & 100 

(Pli#l8) 

Jtfc. £ 1050tJffi£T, %m TMG |PW*^3Ef^A«n. 
^GaN^fl<IPM^M8^5lJffJg0. 075^o 

p m&L&m 8 &*c»&kj, fi*^ Mg & p a*wjKjg 7 i^r 

ttRTtt Mg ffj*«&5ij 5*10 16 /cm 3 , #ftti£tft%ffl P M#%14o 

(Pilti9) 

mx, &mmumr, mm tma, tmg ftwmmmftximi. 

AL 0 ^ao.^ ftjA W— S^-|feM!l 25 J^o^^ff jtttfc TMA, ^ffl Cp 2 Mg 
tt* GaN fo!&#W£t Mg £lj 5*10 18 /cm 3 «J B /g£-fe5!lff£fc 25 
i£o iS*HkfM* 100 fc, ttAjglPBMSffimftlU^^UtftSM 
P2III9 &JP£ft 5000^o 

(PiiMI 10) 
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A GaN Mg ilj l*10 20 /cm 3 ft P SlgftftJI 10 £-fcflJ 

±*Wb««#«*t, %m RIE (©ttW^JHUzh) ^g5flJ SiCI 4 j&fr*M, 
^H§Hdj N %««E^±ffi^W N im«Mjg 2 ftm®, 5 #f^ = 

6a ^*±ffiw p nmrnm 10 m^»*i±, 

61, 5 .ft*. flFW^^ttttftHRSta^-^ 

fit 61 ±. ^4^^*M'te*=«^llt63V'^** 1. 8«*. 

jtoa 6B sinful 63 mm=&#>mft 
&mmm*mff2kmm, Atw^uusttt, ei & p 

3e2&— g^ibi 6i mm^mmm^m, tarn 6d #f^, ^ rie i&^g- 

Sici4 HWtt p MSftkJg io m p MaiftJg 9 afcfifSdti. 

l. 8 nue^^K. 

&&Mfg1faMf£^jG , HfH^IA PVD ig^*, tins 6E #f^, ft 
ilMiilW P fUSM/I 9 ±#j|£-<££#'g| 61 ±JgjfcS Zr ftttttftl 
(±5A Zr02) ^^cW^Zl^r^ 62, 0„ 5 ^£Pllfc7£ 

*nS 6F m*, 

M61c 

$RS5#ot. P ffl£li££tt*-~fit9'0t 61 j5Wfl§ 

Hfitl P fWMM 10 M£®7B/3c* Ni/Au #J/&|ft P fe& 20o P 

&Mj&m-Gk&m 62 5 ffjj*. 7£j&E& Ti/AL #J/&|fti5 N 
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w&iAm±4kMi£¥3¥fffa n fe&i 21. 

fttt* 100 ifcjg, i>t^SMf%iiIW^i«it^i^- 

^'htofc^tt^tfJtPM < 11-00 M, ffiS^F^W^affi^^^W 
fiJM=M M) ^|ftitriSe#. 4 Si02 m Ti02 ftj8W£JI^(&jgtf&/8£iif*£ 

J&ftS 5 0pj*W«Kft##. ««#W-K:jR*»tS[«!l^E 300-500 

500nm ftiS&imttlfe&fiftTXJS 2. 5kA/cm2 Mfeft£»j$$I 5V 
3M#J 2 

<ft^Jfi« 1 IP^it^W^, Watttflg - ■ . 
3M#'J 3 

^ffi-^^Wd l ttRft^£lMtt*:ft«#, ***** N M^MM 1 

Si W N SHgttJg 2 + W AL W-S-Jltk** 0c 05 Oo 02 o 

WSiWNM^M^2 4 , fitlAL^itW*0o 05^*j0 o 5» 
5 

5£ffl^£»J l ffiraW^«l3ft*5fc##. N I^MM l 

W Si #J N StMl 2 i ALN fa/& 0 
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i *n n sfttt-js 2 *w al ^4*^ sfciiffii i, mm**s®mnm 

^ifg^J 6 

ittiPJt^ 15 #JL***MS£:E»65, #r$E#ltt GaN 
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